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ABSTRACT 

The  majority  of  the  defects  occur  in  the  in  Aluminium  alloy  casting  are  due  to  mold  parameters ,  filling  and 
during  solidification.  Aluminium  alloys  form  oxide  layer  on  top  of  the  molten  metal  in  holding  furnace  immediately 
when  it  comes  in  contact  with  the  atmosphere  forming  oxide  on  its  surface.  This  oxide  layer  forms  bifilms  due  to 
turbulence.  This  leads  the  gas  to  get  entrapped  in  the  molten  metal  causing  gas  porosity  in  the  casting. 
The  gas  entrapped  in  the  casting  during  filling  causes  gas  porosities  during  solidification.  The  study  focused  on 
identifying  &  controlling  the  parameters  affecting  formation  of  gas  entrapment  while  casting  A356  alloy  wheel  using 
GDC  results  into  formation  of  gas  porosity.  Effect  of  various  parameters  like,  pouring  temperature,  degassing  time  and 
Volume  in  holding  furnace  on  the  formation  of  porosity  was  checked  for  wheel  samples  and  Reduced  Pressure  Test 
( RPT )  samples. 
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INTRODUCTION 

As  the  liquid  aluminium  is  highly  reactive  with  oxygen,  oxide  film  is  formed  in  the  mould  within  no  time 
in  case  of  aluminium  casting.  The  oxide  films  are  often  responsible  for  the  failure  of  castings. 
The  turbulence  causes  entrained  films  to  get  furled  during  the  filling.  It  is  thought  that  a  furled,  thin  bifilm  may  be 
unfurled  by  the  four  main  factors  of  hydrogen  precipitation,  dendrite  pushing,  shrinkage  and  inclusion.  The 
unfurling  phenomenon  is  important  because  it  can  affect  and  reduce  the  mechanical  properties.  Gravity  die  casting 
(GDC)  has  been  one  of  the  most  economical  and  simplest  ways  of  casting  metals  and  alloys.  The  folding  of  the 
advancing  front  of  the  liquid  metal  causes  many  problems  such  as  entrained  air,  bubbles  and  oxide  bifilms. 

LITERATURE  REVIEW 

R.  Raiszadeh  and  W  D  Griffiths  (2006),  suggested  that  the  atmosphere  within  a  double  oxide  film  defect 
should  be  consumed  by  the  surrounding  A1  melt  in  less  than  two  minutes.  D.  Dispinar  and  J.  Campbell  (2004)  and 
Derya  Dispinar  (2005),  confirmed  that  the  bifilms  are  the  initiator  and  hydrogen  is  only  a  contributor  to  the 
porosity  formation  process.  D.  Dispinar  and  J.  Campbell  (2004),  explained  the  purpose  of  study  of  reduced 
pressure  test.  W.  D.  Griffiths,  A.  O.  Omotunde  and  R.  Raiszadeh  (2006)  researched  to  understand  the  change  in  the 
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behaviour  of  the  double  oxide  film  defects  once  they  are  formed,  and  their  development  with  time. 

EXPERIMENTAL  SETUP 

The  experimental  work  is  performed  in  an  alloy  wheel  industry  manufacturing  Alloy  wheels  of  A356. 
Fresh  ingots  and  chip,  rejected  wheels,  rings  and  sprues  are  used  for  melting  in  the  gas  fired  furnace  for  around  1  hour  so 
that  the  temperature  of  the  melt  reaches  750°C-780°C.  Degassing  was  done  with  Nitrogen  gas.  Melt  is  then  held  for  some 
time  before  it  is  poured  into  the  die  of  gravity  die  casting  machine  to  make  alloy  wheels.  Here  along  with  the  alloy  wheels 
and  Reduced  Pressure  Test  (RPT)  samples  were  taken  with  the  same  set  of  parameters  using  Taguchi’s  DoE  for 
maximizing  the  response. 


Table  1:  Experimental  Design  (L9) 


TC 

Pouring  Temperature, 
PoT  (°C) 

Degassing  Time, 
DgT,  (Minutes) 

Volume  in  Holding  Furnace,  VoH, 
(Full,  Medium,  End) 

1 

710 

10 

F 

2 

710 

15 

M 

3 

710 

20 

E 

4 

725 

10 

M 

5 

725 

15 

E 

6 

725 

20 

F 

7 

740 

10 

E 

8 

740 

15 

F 

9 

740 

20 

M 

Table  2:  Factors  and  its  Levels 


Factors 

Level  1 

Level  2 

Level  3 

Pouring  Temperature,  PoT  (°C) 

710°C 

725°C 

740°C 

Degassing  Time,  DgT  (Minutes) 

10  Minutes 

10  Minutes 

10  Minutes 

Volume  in  Holding  Furnace,  VoH  (kg) 

500  kg  (Full) 

250  kg  (Medium) 

100  kg  (End) 

Experiments  were  performed  and  for  each  treatment  condition  (TC)  alloy  wheels  of  A356  were  taken  using 
Gravity  Die  Casting  machine.  The  wheels  were  then  Heat  Treated  (T6). 

Reduced  Pressure  Test  (RPT)  was  performed  and  the  density  was  obtained  which  was  the  measure  to  find 
porosity.  The  molten  aluminium  sample  is  kept  inside  the  specially  designed  SS  chamber  with  the  vacuum  in  a  glass  dome. 
The  molten  sample  is  kept  under  vacuum  for  about  5  minutes,  and  residual  gas  in  the  sample  is  indicated  on  the  upper 
surface  of  the  sample  as  well  as  very  prominently  indicated  as  gas  porosities  when  the  sample  is  cut/  machined. 
The  size  &  the  number  of  porosities  depend  on  the  gas  content  of  the  sample.  The  parameters  kept  same  for  wheel  and  RPT 
samples 

RESULTS  AND  DISCUSSIONS 

Totally  9  Experiments  were  performed  and  for  each  treatment  condition  (TC)  and  alloy  wheels  of  A3 5 6  were 
taken  using  Gravity  Die  Casting  machine.  The  wheels  were  then  Heat  Treated  (T6).  Reduced  Pressure  Test  (RPT)  was 
performed  and  cut  sections  and  wheel  sections  microstructures  showed  porosity  in  the  samples.  The  factors  contributing  to 
it  were  pouring  temperature,  degassing  time  and  Volume  in  holding  furnace. 
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The  structure  consisted  of  a  network  of  Si  particles  in  the  inter-dendritic  Al-Si  eutectic.  Three  samples  are  shown 
here  with  porosities. 


Samples  taken  by  reducing  pressure  tests  were  cut,  which  showed  porosities  in  the  cut  sections.  The  wheel  sample 
and  the  reduced  pressure  test  samples  are  taken  from  the  same  sets  of  parameters.  The  density  obtained  from  RPT  samples 
was  the  measure  to  find  porosity.  More  porosity  means  lesser  is  the  density. 


Figure  1:  Cut  Sections  of  RPT  Samples 
Table  3:  Density  of  RPT  Samples 


RPT  Sample 

1 

2 

3 

Density  (gm/cm3) 

2.64 

2.53 

2.47 

Figure  2:  Results  of  Micro  Examination  Wheel  1,  2  and  3 
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CONCLUSIONS 


Wheel  2 
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SPOKE  HUB  RIM 

Figure  3:  Porosities  in  Wheel  Section 


The  microstructure  shows  porosities  in  the  Hub,  Spokes  and  Rim.  Lesser  porosity  is  seen  in  the  samples  taken 
with  less  temperature  and  when  the  furnace  is  full.  The  porosity  increases  when  pouring  temperature  increases  and  when 
the  level  in  the  holding  furnace  goes  down.  Degassing  is  done  for  longer  period,  gives  cleaner  metal  for  pouring.  The 
turbulence  in  molten  metal  before  pouring  forms  bifilms  which  gets  entrapped  causing  porosities  in  casting. 
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